


























































































































=~, -~L: ~r~ 
interfacial area concentration 
tube diameter 
bubble diameter 
Sauter mean duameter 
gravitational acceleration 
mixture volumetric flux 
superficial gas velocity 
superficial liquid velocity 
number of bubbles 
refractive index 
bubble number density 
pressure 
tube radius 
horizontal bubble radius 













angle of the incident laser beam to the optical axis 
liquid density 
interfacial tension 
factor depending on the shape of the bubbles 
Subscri pts 




X, Y, Z 
air, fluid, wall 
liquid phase or film, gas phase 
maximum, minimum 
real, measured 
tangential direction, diametric direction, tube axis direction 
Mathematical symbol 































































































3 nlm 206 um 
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~ c~; O O ~{ 
Detection level 
W al l 
Liquid film surface 
Signal intensity 
Film < 20-50 um 
Not Measurable 































Liquid film surface 
Signal intensity 
Fig. 2.2 Signal Disturbance in Thin Film Measurement 
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Water 
(Refraction Index, nf = 1.33) 
Transparent wall 
(Acrylic) 
(Refractron Index, np = 1.34) 
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Tube diameter, D [mm] 
Flg 2.5 catcutated Displacement Coefficient tor Eq. (2.3.14) 
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Traverse 
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Measured 6 / Corrected, 8c 'm e / O D=2.0mm, 
~p = 0.5 mm 
A / A D=1.0mm, 
6p = 1.0 mm 
1 O~3 
Fig. 2.8 
DiStance Set by traVerSer, 8 mm s[ l 







































































1 0．5 Piston　flow 1．58 0，806 20
2 0．5 Slug　flow 5．06 1．10 20
3 0．5 Annular　flow 21．8 0，322 20
4 1．0 Slug　flow 0，730 0，210 20
5 1．0 Annular　flow 13．0 0，560 20
22
Mixing 

































jgo = 0.210 m/s, jro = 0.730 m/s, T = 20 C 
D = 1.0 mm, Flow regime: Slug flow 





















jgo = 13.0 m/s, jro = 0.560 m/s, T = 20 C" 
D = 1.0 mm, Flow regime: Annular flow 
Fig. 2.12 
Flow 










Jgo 5 06 m/s Jro 1 10m/s, T = 20 C' 




















jgo = 1.58 mls, jro = 0.806 m/s, T = 20 C* 
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Jgo 21 8 m/s, jro = 0.322 m/s, T = 20 C' 
D = 0.5 mm Flow re ime: Annular flow 
o 10 
Time [ms] 40 50 

















































































































































































































Void Fraction measured by LFD, 
1.0 
aL [-] 
Fig. 3 . 2 
IPM 
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Fig. 3 . 3 
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Comparison between 
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Table. 3.2 Parameter C (Chishohu 1967) 
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Bubble Diameter, Db [mm] 
Fig. 3.8 Volumetric fraction of bubble diameter 
in Two-Phase Flow 1 
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Fig. 3.9 Volumetric fraction of bubble diameter 
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z/D = 450 
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Fig. 3.10 Volumetric fraction of bubble diameter 
in Two-Phase Flow 3 
5' / 
70 -~:<.' - 0 
~s 50 
~ ~ 40 
o c~i* ~~ 30 
o '~: ~ (~) 20 ~ 




































- - - /D = 15 
z/D = 450 






0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
Bubble Diameter, Db Lmmj 
70 ->:<*' - 0. ~s 50 
~ ~ 40 
o c~ * ~:~ 30 






- - - z/D = 15 
z/D = 450 
j.=0,316 m/s,jf3.92 m/s (z/D = 250) 
D=1 .02 mm 
~ i 
l ' L 
l 
l I t 













0.0 O.2 O.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
Bubble Diameter, Db [mm] 
70 -~~*' - 60 
. ~s 50 
~ ~ 40 
o c~i ~ 30 
o ,~ ~ ~ Q) 20 ~ 






- - - /D = 15 
z/D = 450 




, l l 1 l l 





0.0 O.2 O.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
Bubble Diameter, Db [nun] 
Fig. 3.11 Volumetric fraction of bubble diameter 
in Two-Phase Flow 4 
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Fig. 3.12 Volumetric fraction of bubble diameter 
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Fig.3.13 Axial development of Sauter mean diameter 
in Two-Phase Flow l 
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Fig.3.14 Axial development of Sauter mean diameter 
in Two-Phase Flow 2 
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Fig.3.15 Axial development of bubble number density in 
Two-Phase Flow l 
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Fig.3.16 Axial development of bubble number density in 
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Fig.3.18 Axial development ofvoid fraction in 
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Fig.3.19 Axial development of interfacial area concentration in 
Two-Phase Flow 1 
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Fig.3.20 Axial development of interfacial area concentration in 
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Fig. A.6 Electric resistance method 
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Fig. A.8 Schematicof optical system 
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Fig. A.9 Laser displacement gauge 
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